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This case study describes an analysis and proposed redesign of the of the orientation 
process for the VR Studio in the D. H. Hill Jr. Library at North Carolina State University, 
using the contextual design methodology as described in Contextual Design: Defining 
Customer-Centered Systems (Beyer & Holtzblatt, 1998). Semi-structured interviews and 
contextual inquiry were used to study the orientation its surrounding operations. The 
author identifies several opportunities to improve workflows and enhance participant 
experiences and education. Key findings include the effects of variations caused by 
changes in presentation setting, the effect of audience size on learning opportunities, the 
instructional efficacy of the orientation structure and format, and the challenges in 
managing data collected over the course of orientations. The paper concludes with a 
series of recommendations for improving the orientation and its associated processes. 
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 2 
Introduction 
Libraries are increasingly moving beyond books, journals and databases and playing a 
role in democratizing access to technology through lending programs, digital media 
spaces, and makerspaces. Virtual Reality (VR) and Augmented Reality (AR) are among 
the emerging technologies that libraries are adopting, in the forms of lending, spaces, 
education, and support. As community spaces, libraries are an ideal environment for 
widening access to new technologies and education in their use. Assisting users with 
information-seeking and resource access is among the library’s core missions.  
At the VR Studio in the D. H. Hill Jr. Library at North Carolina State University 
(“the VR Studio”), staff assist users and provide a mediated orientation for all new users 
of the space. The orientation process introduces users to the different applications of the 
technology, what users can do in the VR Studio, and how to use the technology safely 
and effectively. This introductory experience has a meaningful role in how well the space 
operates and how it furthers the library’s goals of the space and, more broadly, its role 
supporting emerging technology education.
VR and AR both work by overlaying the real world with computer-generated 
virtual environments or objects, through some combination of visual, audio and tactile 
feedback. Broadly, the technologies can be differentiated as follows: “VR is the 
computer-generated simulation of a three-dimensional image or environment that can be 
interacted with in a seemingly real or physical way” while “AR is the use of technology to 
overlay digital information on an image of something. It superimposes a computer-
generated image on a user’s view of the real world, providing a composite view” 
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(Oyelude, 2017). VR provides a virtual environment intended to be distinct from the real 
world, while AR adds virtual enhancements to a user’s perception of the real world. 
These technologies represent a wide range, from something as subtle as a transparent 
heads-up display, to interactive and immersive virtual worlds. Paul Milgram and Fumio 
Kishino defined the term Mixed Reality (MR) to encompass the continuum of 
technologies in which objects from the real world and virtual world are presented 
together in a single display (Milgram & Kishino, 1994). Mixed reality will be used through 
this work to refer to both augmented and virtual reality.
This work aims to examine the VR Studio orientation and the processes involved 
in its operation in order to identify and recommend improvements. We begin with a 
description of the VR Studio, the orientation process, and the challenges of developing 
and maintaining it as an effective service to the campus community. Next, we review 
some of the literature demonstrating the value of mixed reality technologies and the 
growing need for related knowledge. We outline the role of libraries in technology access 
and education, along with some of the specific challenges associated with supporting 
access to emerging technology in libraries, drawing heavily on lessons learned by 
libraries in providing technology access and education. Using the contextual design 
method (Beyer & Holtzblatt, 1998), we conducted a series of interviews and observation 
sessions with the staff responsible for supporting the space. We describe the operations 
of the VR Studio in order to present a holistic understanding of the goals of the VR 
Studio orientation, and how the systems around it enhance or hinder these goals. We 
report our observations and develop models based on the data collected to further this 
understanding. Finally, we analyze the information collected to report key findings and 
submit a series of recommendations for potential improvements. 
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Problem Definition 
Setting 
Consisting of the D. H. Hill Jr. Library, the James B. Hunt Library, and three additional 
branch libraries, the NC State University Libraries serves as a knowledge, technology, 
and collaboration hub for students, staff, and faculty at NC State University. Most days, 
the two main libraries host thousands of patron visits, from people of all backgrounds.NC 
State University Libraries prioritizes emerging technology support as a key aspect of 
institutional identity. Multiple interviewees commented on the NC State University 
Libraries’ commitment to emerging technologies and avowed interest in supporting 
emerging technology access and education. 
Librarians responsible for technology purchasing evaluate emerging technologies 
to ensure that promising technologies like MR are quickly made available to the campus 
community. For example, the Oculus Rift Developer Kit 2 was added to the technology 
lending program in mid-2014, two years before consumer versions of the technology 
would be on the market (Carpenter, 2016). Planning for dedicated MR spaces began in 
late 2015, and by the summer of 2017, two spaces were open to the campus 
community. One of these, the D.H. Hill Jr. Library, the VR Studio hosts seven reservable 
VR workstations, each equipped with games, experiences, and development software. 
The VR Studio is open afternoons and evenings, six days a week, typically for at least 
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thirty hours a week. During normal operating hours, the space is staffed by at 
least one student worker who can answer questions and troubleshoot issues.  
VR Studio workstations in this space are reservable by any students, faculty, and 
staff that complete a formal orientation process. Since Fall of 2018, hour-long 
orientations have been scheduled Monday and Tuesday evenings. These orientations 
are intended to make getting started in MR a less daunting experience, discussing the 
applications of VR, what is possible in the VR Studio, and some safety and usage 
practices. The process helps ensure that initial MR experiences are safe for the 
community and the equipment. The information shared in the library’s orientation plays 
an important role in facilitating the experience and setting users up for a positive 
experience.  
Problem Statement 
Requiring users to complete an orientation that is only offered during two weekday 
evenings is a barrier to access. A Gates Foundation report on libraries and the goal of 
bridging the digital divide highlights the difficulty in allocating resources: “formal classes 
allow librarians to educate more people more efficiently and provide more advanced 
training. They also reduce the one-on-one training burden on staff. But lack of resources 
currently limits most libraries as formal trainers” (Gates Foundation, 2004). In the case of 
complex technologies such as MR, the learning curve is a barrier that better guidance 
and support could help mitigate.  
The nature of the required and pre-scheduled VR Studio orientation is a barrier to 
access, and the operational tasks and content could be better structured for new users 
during their first experiences with the technology. The experience must be inviting and 
showcase the unique supporting role the library plays in facilitating emerging technology 
 6 
literacies. How can orientations provide greater access and education to its users, and 
lead to more engagement with the technology and the VR Studio? Orientation is a 
necessary experience for all users, and in many cases, an important moment of first 
contact with the technology.  
Objectives 
An improved VR orientation experience should attract users, and help the community of 
mixed reality users continue to grow. This could manifest in two ways, greater breadth or 
greater depth. If the VR Studio orientation is more accessible, we would expect to see 
an increase in the total number of users that attend VR Studio orientations. An expanded 
user base suggests that the library is serving the campus community’s interests in 
reaching a wider group of users across campus.  
Similarly, seeing a greater proportion of orientation attendees return to make a 
VR Studio reservation and becoming repeat users of the library’s mixed reality services 
would suggest that the orientation is helping to foster a community of enthusiasts and 
learners at the library. While for many users, the orientation will be enough to satisfy 
their interest, the orientation should encourage the deeply interested subset of users to 
return repeatedly and develop new knowledge and skills. 
The orientation is intended to be a standalone experience, and any changes 
should enhance the user experience. Changes should increase the likelihood that 
attendees find the experience worthwhile, even if they have no need or interest in 
returning beyond their initial visit to the VR Studio. An updated orientation must still 
convey what mixed reality is, what it can do, and what a user can accomplish in the 
space, but should also provide increased opportunity to try the technology and 
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experience some of its varied uses beyond gaming. Attendees should also have 
sufficient support from staff to facilitate use or have their questions answered. 
In pursuit of an orientation process that better showcases the library’s role in 
supporting emerging technology, existing elements should not be diminished. An 
improved orientation should continue to provide attendees with the knowledge and 
confidence to use mixed reality technology safely and effectively. Attendees should 
come away from the orientation with a greater sense of familiarity and comfort with the 
hardware and software. 
Scope 
Though the NC State University Libraries take a multi-pronged approach to the ongoing 
support and improvement of MR services, this project is focused solely on the VR 
Studio’s orientation process, the first experience for new VR Studio users. The library 
provides orientations to other mediated spaces, the Makerspace and Digital Media 
workstations, and conducts workshops on a range of technologies and other topics; 
these are all outside the scope of this work and any findings that apply to the VR Studio 
orientation should not necessarily be considered generalizable to these other orientation 
experiences. In considering modifications to existing orientation content and workflows, 
only currently available or readily accessible tools and other resources are considered. 
We do not examine solutions requiring dramatic increases in the VR Studio budget. 
Implementation of any operational or content changes that originate from this project is 
contingent on stakeholder feedback and institutional priorities. Evaluating the effects of 
any resulting implementations over long-term use is outside the scope of this project. 
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Literature Review 
Technology Adoption 
 MR is a rapidly growing field. A 2018 industry report issued by the International Data 
Corporation (IDC, 2018) states that while not yet widely adopted by consumers and 
businesses, experts anticipate strong growth in MR over the next several years. It 
predicts the mixed reality headset market growing from 8.9 million units in 2018, to 65.9 
million units in 2022, an increase of 640%. Hardware adoption will be fueled in part by 
the rise in content from Hollywood, the video game industry, and educational institutions. 
This projected growth suggests that demand for MR skills will increase MR skills will also 
become more necessary as the technologies become more popular. 
Augmented reality is making its way into an increasing number of fields. In a 2017 
review of augmented reality use in surgery, Vávra et al. (2017) finds that surgeons are 
becoming more interested in AR for its use in preoperative planning and for enabling 
surgeons to perform procedures with greater speed and accuracy. The authors identify 
visualizing data or showing images of what is otherwise difficult or impossible to as 
recurring uses. Several papers identified by the authors voice concerns about distracting 
user interfaces and uncomfortable hardware, but anticipate improved surgical safety and 
efficacy through the use of AR. Antonioli, Blake and Sparks (2014), in a review of AR 
use in education, identify several ways to use AR to enhance their instruction. AR 
implementations allow teachers to turn classrooms into labs or move instruction outside
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of the classroom. AR enhanced instruction has let students view the digestive system, 
work together on treasure hunts, or read AR-enhanced stories. The capabilities of MR 
allow the inclusion of audio and visual enhancements which can benefit students with 
physical disabilities. Audio or visual enhancements and input options such as speech 
recognition, gaze tracking, and gesture recognition could enable interactive education to 
become more accessible. The authors identify the cost of the technology and the lack of 
training as the primary barriers to adoption. In the studies reviewed, students reported 
that use of the technology made lessons more engaging and appealing, but teachers 
reported concerns about cognitive overload and maintaining student focus. A review of 
AR applications manufacturing and design finds a number of ways to enhance workflows 
(Nee, Ong, Chryssolouris & Mourtzis, 2012). AR allows designers the opportunity for 
rapid prototyping without the cost and time commitments associated with physical 
materials. Boeing, for example, designs of aircraft cabins with AR, and began investing 
in AR during the 1990s. The automotive industry uses the technology for more than 
design and prototyping, using AR interfaces for assistance with maintenance, wiring, and 
high-precision welding. Excessive cognitive load, a need for improved interfaces and 
difficulty with content creation are key concerns with current technology. The authors 
identify accuracy and high latency as issues which are expected to quickly become less 
significant as hardware improves.  
VR is also growing in use, often as a form of training or therapy. Reducing the 
cost of and providing greater access to healthcare education, VR provides interactive 
anatomical models or opportunities to simulate real life situations. A study of VR usages 
in healthcare training identifies significant benefits in using VR simulations (King et al., 
2018). VR facilitates nurses and other allied health professionals bridging the theory-
practice gap, allowing them to build confidence in an environment where failure does not 
impact a real patient’s outcome. Technical complexity, interoperability and a lack of 
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support and skills are some of the identified barriers to wider use. Studies also suggest 
promising results for psychological and physical therapy applications (Lohse, Hilderman, 
Cheung, Tatla, & Van der Loos, 2014; Powers & Rothbaum, 2018). Patients with anxiety 
and related disorders are benefiting from virtual reality exposure therapy for fear of 
heights, fear of flying and posttraumatic stress disorder (Powers & Rothbaum, 2018). 
Mounting evidence supports the conclusion that VR therapy is resulting in better body 
function and activity outcomes for patients recovering from a stroke (Lohse, Hilderman, 
Cheung, Tatla, & Van der Loos, 2014). Operator training for complex modern industrial 
plants is also enhanced by the use of VR. In an environment where mistakes can be 
costly and even dangerous, a VR environment provides safety training that reduces 
accidents, increases productivity, and in certain contexts, reduces environmental 
impacts. Concerns about cost and the ability to update training easily are barriers for 
widespread adoption (Patle, Manca, Nazir & Sharma, 2018).  
  Mixed reality has potential for many applications in the near future, and is 
already in use across a variety of disciplines. Many of the studies mention hardware 
restrictions as barriers to adoption (Nee, Ong, Chryssolouris & Mourtzis, 2012; Vávra et 
al.; 2017), but hardware isn’t the barrier it once was. Hardware performance and 
usability continues to improve. For example, devices without cumbersome cables 
tethering a user to high-end computers are beginning to appear (Stein, 2019). Cost is 
frequently cited as a barrier (Antonioli, Blake & Sparks, 2014; Lohse, Hilderman, 
Cheung, Tatla, & Van der Loos, 2014; Patle, Manca, Nazir & Sharma, 2018), but 
affordable hardware options are now appearing on the market as well (IDC, 2018). A 
barrier that remains to be addressed is the lack of mixed reality skills for users and 
content developers (Antonioli, Blake & Sparks, 2014; Nee, Ong, Chryssolouris & 
Mourtzis, 2012; Patle, Manca, Nazir & Sharma, 2018). These are areas where libraries 
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can help users develop the skills needed to take part in the innovations percolating 
through society.  
Libraries for Augmented Learning 
The library is well-positioned as an institution to develop greater mixed reality 
literacy and expertise within our society. The modern library has long been more than a 
location where knowledge is held for the benefit of the community. Among the key goals 
that the American Library Association emphasizes in its 2017 Strategic Plan are 
Equitable Access to Information and Library Services, Literacy, and Transforming 
Libraries (ALA, 2017). Mixed reality technology relates to each of these values, 
representing a continuation and evolution of the role of libraries.  
Libraries have historically served society be providing equitable access to 
information and the opportunities to develop important technology literacies. The 
proliferation of internet technology represents an early example of libraries adapting to 
provide a new form of access to information. A Gates Foundation report on the digital 
divide (Gates Foundation, 2004) illustrates the vital role libraries served in providing 
communities with internet access and education: while libraries serve users from all 
socioeconomic backgrounds, they are especially important to addressing inequalities in 
access along race, income, education, and geographic location. The prohibitive cost of 
computers and internet access are major barriers that libraries help mitigate. Internet 
access is tied to opportunities and a cultural expectation that libraries uphold: “The 
notion that all Americans, by their own choosing, should be able to participate in the 
current Information Age” and “that those who are unable[...] are deprived of 
opportunities” are core tenets of libraries (p.11). Libraries have historically served to 
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equalize access to information and all the opportunity associated with it, and so they are 
suited for the emergence of mixed reality technology and the need for equitable access. 
Facilitating literacy is necessary to provide meaningful access and opportunity to 
library users. A report on digital media and makerspaces in libraries argues that the 
library is better suited than other community centers for teaching digital literacy 
(Goodman, 2014, p. 6). It states “the library is providing opportunities for the community 
to learn digital literacy—a skill all will need as digital technology becomes more 
pervasive” and its “role in education and providing a public space is an important reason 
why” the library should be active in developing the new technological literacy the 
community needs. With technology, providing access alone is often inadequate: 
embarrassment over lack of knowledge and fears of the inability to learn are identified as 
significant barriers to Internet users (Gates Foundation, 2004). A 2015 report from the 
Institute of Museum and Library Services found that information literacy and workforce 
development events are a growing element of library services (Institute of Museum and 
Library Services, 2015). As MR skills become more significant in the workforce, libraries 
are well-positioned to help users acquire these new competencies. 
Transformation is necessary to promote the vision of the library as a hub of 
community engagement, innovation and continual learning. With all the current and 
future applications of MR, there is an opportunity for libraries to provide the technology 
and support, to foster technology literacy and become innovation environments 
accessible to their communities Managing the logistics is far from easy. In an interview 
for American Libraries, the Head of Learning Spaces and Services at NC State 
University Libraries, David Woodbury, outlines some of the key infrastructure needed to 
support MR: “[T]he complications of needing fast computers, needing to move around 
within a set area, needing expert help close by to troubleshoot….” (Ford, 2017). 
 13 
Technology, space, and expertise are all facets of the transformation libraries must 
continue to make in order to fulfill the need for mixed reality access and education.  
New Technology and New Challenges 
Libraries have a history of supporting emerging technology, so while MR may seem like 
uncharted territory, it shares some of the same challenges as past endeavors that 
libraries have pursued. This observation is especially important since the body of 
scholarly work focused specifically on MR services in libraries is still developing, with 
many libraries providing only rudimentary support for the technology and others avoiding 
it entirely. In a survey of libraries conducted Pope (2018), 34 percent of respondents 
state that they were “either in the beginning stages of creating a program or are 
interested in starting one in the future”, while many library staff reported that there was 
no movement toward MR support in their libraries. Patron and student interest was often 
widespread, but opposition commonly came from within the library, with “either a lack of 
interest within the library itself or opposition from colleagues” cited as the most common 
reasons for not pursuing a program. Some respondents stated a desire to initiate a 
makerspace before expanding into MR support (Pope, 2018, p. 8).  
Since academic discussions about virtual reality spaces in libraries are limited, 
we can better understand the problem space by examining the practice of implementing 
similar spaces, which will highlight relevant issues surrounding the adoption of complex 
emerging technology spaces in the library environment. Radneiki (2017), in a paper on 
3D modeling support in library makerspaces, makes an observation that may be equally 
fit for MR spaces: “To have a makerspace and not teach people the skills to utilize it is 
akin to providing access to books to a population that cannot read. Providing resources 
and instruction for new literacies and skills is an opportunity to reaffirm our positions and 
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further integrate libraries into the innovation culture sweeping higher education” 
(Radneiki, 2017, p. 249). Libraries can look to the lessons of makerspace 
implementations to ensure that MR spaces can be implemented in a meaningful way. 
As MR moves closer to the mainstream, there are a number of functions where 
libraries can fill a need. A paper examining upcoming roles for library professionals 
highlights some of the new responsibilities that VR could create for librarians: “to 
organize and retrieve the valuable information content in virtual reality experiences”, “to 
support individuals interested in creating and disseminating content”, and to “play a key 
role in translating virtual reality into real, live public discourse and engagement” 
(Figueroa, 2016, p. 16). Even facilitating something as simple as free play is a 
worthwhile pursuit, allowing a diverse set of users to explore and develop familiarity with 
a new technology. The technology moves quickly, and user literacies and skills evolve 
with them. In order for users to properly harness the potential of MR, libraries must 
reevaluate service design to ensure it meets the current needs (Radneiki, 2017). The 
challenge for libraries is in providing effective support in a sustainable and scalable way. 
 Goals are often difficult to define and measure early on in the development of VR 
programs. Broad goals in line with the library’s values of access are the norm in the early 
beginning phases of supporting emerging technology. As reported in research by 
Figueroa (2018, p. 30-31), Sara Jones at the Marin County Free Library in San Rafael, 
California summarizes the initial goal for their VR program: “for our community to get 
experiences it would not get on its own”. In another interview, Anthony Sanchez at the 
University of Arizona states that the initial priority for their VR program is on “getting the 
word out and developing our own skill sets” and “to establish a learning community of 
enthusiasts, artists, developers, or anyone curious to learn about VR”. Increasing traffic 
and collecting qualitative feedback from users are common measures, but as services 
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are more widely adopted in academia, more specifically formulated measures of success 
will be needed.  
Promoting Access 
Though the library’s mission includes providing equal access to all users, this needs to 
be balanced against the ability to provide a quality service and the operational and 
safety concerns related to the technology. Providing broad access to an emerging 
technology space is a challenge requiring careful management of the library’s resources, 
and the learning curve for setting up devices with new users poses difficulties for library 
staff (Pope, 2018). 
 Libraries support introductions to novel technologies either through individual 
consultations or group instruction. Individual consultations can provide a valuable hands-
on experience but require significant staff time in order to provide an optimal experience. 
In their paper discussing VR and AR services at the McGill University Library in 
Montreal, Greene and Groenendyk (2018) report that before a student can use the 
equipment they must receive training from a staff and complete a liability waiver. 
Training allowed staff to instruct users on proper use of the expensive equipment and 
discuss user safety. The waiver reinforced health and safety information, such as the 
risk of motion sickness. In his chapter of The Makerspace Librarian’s Sourcebook, 
Delecki (2017) highlights how group instruction provides a scalable option for relaying 
safety and basic usage information for maker technology. Not only is this not as 
beneficial as individualized training, but even this group training approach is too 
resource-intensive to sustain in some environments. In Makerspaces: Top Trailblazing 
Projects, Bagley (2014) reports on the approach of the makerspace at Odum Library at 
Valdosta State University. Staff anticipated that resource and personnel limitations could 
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reduce the sustainability of their makerspace, and opted to not staff their space, instead 
relying on staff checking in periodically to troubleshoot or answer questions. This 
approach to makerspace support could be applied to a mixed reality space as well. 
Though this approach demands much less investment of staff resources, it does less to 
help users through the technology’s learning curve. In a paper examining how libraries 
deliver instruction, Enis (2014) reports on Florida's Orange County Library System 
(OCLS) and their approach to instructing users in web development. There, staff used 
live online instruction in an effort to make their programming workshops more accessible 
without taking away attendees’ abilities to stop and ask questions. Unfortunately, training 
on the actual use of mixed reality technology does not lend itself well to this format. In 
her report on VR in libraries, Pope (2018) highlights some of the safety concerns 
associated with VR use. The effects of changes to one’s perception can be disorienting, 
and cause users to fall or experience nausea. While in a VR experience, users are at 
risk of colliding with their environment and other people around them, or getting tripped 
by the cables attached to their VR device. Without staff in the same physical space as a 
new user, it becomes significantly more difficult to manage these risks. 
Student employees can be an effective part of orientation, providing effective 
support at a lower comparative cost than full-time staff. But even with more affordable 
student staff, developing a program that the community can easily participate in remains 
a challenge. While it is clear that face-to-face and walk-up support is an important 
component of a successful MR program, it is costly to scale up as interest in the 
technology grows. Having staff on-hand around the clock to provide education and 
support would be ideal if there were no constraints on budget and staff time. While that 
is not feasible, many libraries have found success in relying on students to manage 
emerging technology spaces (Figueroa, 2018; Moorefield-Lang, 2014). Librarian Kristina 
A. Holzweiss notes a benefit of student staffing and educating: seeing peers engaging 
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with the technology helps make students more comfortable and open to exploring new 
technology (Figueroa, 2018). This type of one-on-one service is well regarded by its 
users, but even with student staff, a challenge to make available consistently. Radneiki 
(2017) describes the DeLaMare Library, at the University of Nevada in Reno, where staff 
hired students interested 3D modeling as “Tech Wranglers”. The program has been 
immensely popular with student workers, providing them with customer service 
experience and skill development. Students do much of the individual support for the 
space, handling walk-in consultations and pre-booked requests for specialists. Usage is 
high, largely driven by word of mouth. DeLaMare Library determined that 
“hours…between 5 and 8:30 p.m. during weekdays or at any time on weekend days” 
were best suited to the most possible users. The needs of students with full time 
employment or challenging course loads were considered when selecting hours. Another 
consideration is that scheduled events can be difficult for some students to attend: 
“strenuous class and work schedules, learning fatigue, workshop timing and location” 
are all potential issues for undergraduates (p. 244). In order to effectively promote 
access, difficult decisions around hours, staffing, and instruction must be made, in 
accord with the needs and limitations of both the library and its community. 
Constructing Engagement 
Developing a thriving community around emerging technology learning is a multifaceted 
problem that extends well beyond merely providing access. With the space and 
technology in place, libraries must next turn to the question of how to encourage user 
engagement with the technology. Allowing users to try mixed reality technology is 
valuable on its own, but if libraries are to become learning environments for interested 
communities, introductory experiences need to engage the user and encourage their 
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return, so they can play, experiment, and learn.  
 Groenendyk and Gallant (2013), in a pilot study of a 3D printing and scanning 
space at the Dalhousie University Libraries in Halifax, Nova Scotia, describe the 
experience of launching a makerspace in an academic library. Librarians sought to 
provide students and faculty access to technology that they would not otherwise have 
access to. A stated objective of their program was to “bridge the digital divide that has 
traditionally existed around this technology” and allow users beyond those in 
Architecture and Engineering programs an opportunity to develop their technical literacy. 
Intended to serve the entire campus, the program was successful in attracting interest 
from departments that are not traditionally associated with the technology, such as 
Biology, Chemistry, Physics, Mathematics, History and Theatre (p. 35). These programs 
attracted a great deal of interest from students and faculty. While the program at 
Dalhousie succeeded in exposing the campus community to otherwise inaccessible 
technology, and learned best practices for configuring and troubleshooting hardware and 
software, user inexperience caused many 3D prints to fail. Users were not prepared for 
the time and effort involved in creating a high-quality 3D scan and found the need for 
patience and the role of trial and error to be an unexpected stumbling block to success: 
“Users were expecting finished results to come much sooner and easier” (p. 35). This 
pilot succeeded in attracting a diverse range of departments, but highlighted the 
challenge libraries face in supporting emerging technology engagement and education. 
The authors conclude that it was important to increase instruction around the 
technologies to help users through the learning curve.  
In Greene and Groenendyk’s (2018) analysis of McGill Library’s MR services, 
they discover difficulty in reaching users that wanted to move beyond an initial VR 
experience. They attracted lots of interest with public demonstrations, but found that “it 
was rare that students would return to use the technology a second time. The 
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technology provided a new means of engaging students and faculty members with the 
library. But in the context of an academic library, after this initial introduction, it was very 
difficult to promote the technology for usage in faculty research or for longer-term 
student projects.” (p. 7).  
Bronkar (2017) reinforces the need to set reasonable expectations avoid 
overwhelming new users in a book chapter on setting up library makerspaces. She 
described the need for introductory instruction to be appropriately balanced: manage 
expectations, avoid information overload, and start with simple hands-on activities. She 
advised against attempting to instruct new users on everything that is possible within a 
makerspace, because that level of information can be overwhelming. She recommended 
keeping introductory experiences simple and delving into a basic design. New users can 
return at a later time to continue learning. 
  In Enis’s (2014) article on providing technology and coding instruction in 
libraries, he reports the strategies librarians employed to support user demand for new 
educational opportunities. At Florida's Orange County Library System, Ormilla 
Vengersammy, the Technology and Education Department head, describes the benefit 
of providing instruction with a clear and attainable goal:  “One key to capturing an 
audience's attention is to show them the end product first,” letting them know, “this is 
what you're going to create”, and then challenging learners to explore from there. 
Introductory classes worked well at the Westport Public Library in Westport, Connecticut, 
where Alex Giannini, the Manager of Experiential Learning, developed instruction for 
robotics and programming. Giannini finds that for instructional sessions, limiting material 
to what was basic enough for everyone, and providing users with instant results, kept 
attendees interested and satisfied most of their educational needs. This approach also 
helped identify the subset of users interested in developing more advanced knowledge. 
According to Giannini, “It's one thing to give people the tool and show them the tool, but 
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once they see the tool and understand [it], they want to take it and use it for their own 
purposes. That's the goal of any of the stuff that we teach. Actually, that's why we 
teach”. Letting users begin learning through creating quickly, appears to be a rewarding 
approach that can be applied to mixed reality technology. 
Libraries can structure their emerging technology education to engage users in 
active learning. Allowing users the opportunity to learn through experience has been 
applied in other library settings. Turning again to makerspaces as a source for insight, 
we consider Burke’s (2014) In Makerspaces: A Practical Guide for Librarians, where he 
describes participation in the process as a valuable tool because "the act of creating 
something teaches not only practical skills [...] but gives enactors a visual context to 
apply to future creations and innovations.” Many emerging technology teaching 
programs conform to an instruction pattern known as Constructionism in order to 
facilitate learning. Constructionism is an approach to learning, initially developed by 
Seymour Papert, and built upon the Constructivism philosophy of Jean Piaget. In 
Papert’s words, “Constructionism [...] shares constructivism's connotation of learning as 
’building knowledge structures‘ irrespective of the circumstances of the learning. It then 
adds the idea that this happens especially felicitously in a context where the learner is 
consciously engaged in constructing a public entity, whether it's a sand castle on the 
beach or a theory of the universe” (Papert & Harel, 1991). Broadly, the approach is 
fundamentally student-centered, with exploration and trial-and-error used as the path to 
understanding. Makerspaces are embracing the approach. In their chapter on pedagogy 
and prototyping from The Makerspace Librarian's Sourcebook, Costello, Powers and 
Haugh (2017) describe the learning culture they foster with this approach. Instructors are 
facilitating, and creating a space that encourages curiosity and experimentation without 
a fear of failure.   
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Methods 
Design Overview 
The intent of this work is to make recommendations to improve the orientation process 
of the VR Studio, by examining the orientation experience and identifying areas for 
improved workflow and content. The design of the research borrows heavily from the 
contextual design methodology, as developed by Hugh Beyer and Karen Holtzblatt in 
Contextual Design: Defining Customer-Centered Systems (1998). Data collection in our 
research used the contextual inquiry approach, in which a traditional semi-structured 
interview is followed by a period of work observation and inquiries. In this embedded 
interview, we assumed the role of an apprentice, seeking to understand the processes 
and the motivations behind actions as they occur in the work environment. From the 
observations gathered in observing the work in practice, we developed models of the 
work to help understand the content and processes of the work practice, the desired 
outcomes, and the roles of staff in the space and how communication occurs. These 
representations of the work clarified the areas in which orientation sessions could benefit 
from redevelopment. From these observations, we identified the elements of the current 
process that are not as effective as possible, in order to identify and make 
recommendations for improvements. 
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Background on Contextual Design 
Development of contextual design began with Hugh Beyer and Karen Holtzblatt in the 
late 1980s, and grew out of shortcomings in software and systems design practices of 
the time. At the time, the relationship between a customer's work and system design was 
not thoroughly considered, and data collected from observation of customer work was 
not a priority. Beyer and Holtzblatt founded a consulting company with the intent to 
develop a methodology that centers design on the data collected from the customer and 
their context. This methodology was described in their first book, Contextual Design: 
Defining Customer-Centered Systems (1988). The authors describe contextual design 
as an approach that “collects multiple customer-centered techniques into an integrated 
design process”, a process that “makes data gathered from customers the base criteria 
for deciding what the system should do and how it should be structured”, rather than 
arguments based on “personal opinions, anecdotes, or unverifiable claims about ‘what 
the customers would like’” (p. 3). Further refinements appear in later works, including a 
streamlined variant, Rapid Contextual Design : A How-to Guide to Key Techniques for 
User-Centered Design (Holtzblatt, Wendell & Wood, 2004), and updates that account for 
changes in technology in Contextual Design: Evolved (Holtzblatt & Beyer, 2014), and 
Contextual Design: Design for Life (Holtzblatt & Beyer, 2016). 
 Each version of contextual design begins with contextual inquiry, a process that 
Beyer and Holtzblatt sum up as “[G]o where the customer works, observe the customer 
as he or she works, and talk to the customer about their work” (Beyer & Holtzblatt, 1998, 
p. 41). The authors outline four stages: the conventional interview, the transition, the 
contextual interview proper, and the wrap-up. The conventional interview is a brief 
introduction to the research, a chance to and get a broad sense of the interviewee’s 
 23 
roles. It is also important for building rapport and settling the interviewee ahead of the 
contextual interview. The transition is a brief interlude for explaining method of the 
contextual interview. Next, the contextual interview comprises the majority of the 
interaction. The interviewer attempts to understand the interviewees' work by observing 
and asking questions. Beyer and Holtzblatt frame this dynamic in terms of master and 
apprentice, where the researcher is an apprentice, attempting to learn from the 
interviewee, who is a master of their work process. It sets the customer up as the expert 
and frames the interview for both parties. According to Beyer and Holtzblatt, “[T]he 
apprentice role discourages the interviewer from asking questions in the abstract and 
focuses them on ongoing work” while the interviewee can “shape the interviewer’s 
understanding of their work... without having to prepare a formal description of how they 
work” (p. 46). The customer performs their work as the researcher observes and asks 
questions about how and why customers complete their tasks. Finally, the wrap-up 
allows the researcher to summarize observations, confirm their accuracy, and allow the 
interviewee to correct any areas of misunderstanding. 
 Understanding of the customer comes through finding themes in the data and 
developing work models from the information collected during contextual inquiry. The 
work models capture a holistic understanding of the system through different lenses. The 
roles of communication and processes, the environment and the objects used within it 
are all captured through these models. Beyer and Holtzblatt argued that models are 
more effective than purely textual representations: “[A] diagram supports systemic 
thought and makes it possible to create a coherent design response that fits well with the 
work it supports” (p. 84). The models can be effective for conveying individual customer 
experiences, but they can have further use representing the customers as a group. 
Consolidating the work models helps reveal the commonalities in the work and the 
structure across individual practice. This high-level understanding of the system as a 
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whole helps to inform the design of system improvements. 
 Before committing to a design path, the methodology has the team envision 
ideas for redesign and then evaluate them. Selected ideas must still undergo iterative 
tests and prototyping before implementation can begin. Storyboarding helps make sure 
changes will work in practice and communicate the ideas so that they can be checked by 
others. Paper prototyping can also provide a quick and low-cost option for understanding 
variations in structure and interface. The high-level system information provided from 
data collection and analysis provide a foundation for understanding the full effects of 
design changes. Reviewing the models when considering a design change can highlight 
where design affects the system as a whole. A coherent user environment design should 
be able to function under variable conditions and iterative testing. Each piece of the 
process may not be appropriate for a specific project, but it can be adapted as long as 
one keeps the focus on the customer. 
Motivations for Contextual Design 
One of the key strengths of contextual design is its versatility: although not every 
technique makes sense for every project, the methodology is versatile and highly 
adaptable. One assessment of the framework reports: 
“People rarely use the entire CD [contextual design] process or even most of the 
techniques, but they may often think back on it as a kind of checklist, using the 
process or models as tools for planning project activities and for focusing 
attention during observations and analysis[...] Even those CD practitioners 
reporting a high level of CD knowledge do not usually make full use of the 
process even if they value the entire process.” (Notess, 2008).  
The contextual design methodology was a good choice for this project because it 
does not require subject expertise from the researcher, it is adaptable to different 
contexts, and it can provide rich information from a relatively small group of users. 
  The author is not an expert in mixed reality technology use or instruction. The 
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staff that support the space hold the collective expertise, and through contextual inquiry 
that knowledge was effectively shared, even when not directly articulated. Contextual 
design has demonstrated the value of its principle of partnership between designers and 
researchers, even when expertise is limited or only certain processes are actually 
employed. The use of contextual design can also be beneficial in preventing the 
researcher from dictating design based on their own assumptions. A study that 
examined the use of a virtual reality simulation tool for training and pre-surgical planning 
employed contextual inquiry in their data collection and work modeling as part of their 
data analysis (Cramer, Evers, Zudilova-Seinstra, & Sloot, 2004). The efforts resulted in 
some findings that were either in conflict with their assumptions or entirely unanticipated. 
For example, the amount of time radiologists and surgeons spent assessing radiology 
scans was significantly less than expected. The images were only used for a few 
minutes, and often served only to verify an earlier diagnosis. The technicians 
responsible for preparing scan images were a previously unrecognized user group that 
was only discovered because the researchers were embedded with the customer to 
observe their work. Note that the researchers in this study had no experience in 
medicine or medical technology, highlighting the value of the contextual design method 
even when researchers are not experts in the area being studied. 
The adaptability to different settings is particularly relevant to the VR Studio 
orientation. Although ideally the contextual design process places the researcher in the 
work context where they can interrupt tasks with inquiries, real-time interruptions to the 
orientation would be disruptive to the audience and performer, the specific methods of 
contextual design have proven malleable enough to function effectively in more difficult 
contexts. For example, Payyanadan, Gibson, Chiou, Ghazizadeh, and Lee (2017) 
employed the methodology successfully to develop a trip-planning tool to address the 
unique needs of older automobile drivers. Drawing on the processes of contextual 
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design, the researchers modified the contextual design method based on the constraints 
of the environment. The researchers felt the process of collecting data from drivers in 
real-time would be intrusive and unsafe. Instead of direct observation, they equipped 
participant vehicles with a two-way facing camera, a microphone, an on-board 
diagnostics device to collect driving data, and a button for drivers to signal challenging 
moments. After two weeks of data collection, the researchers conducted interviews while 
playing back the recordings and displaying a digital map with an updating location 
marker. Despite these modifications to the process, the authors were successful in 
revealing the challenges to trip-planning for older adults, demonstrating the flexibility of 
the methodology beyond software development.  
The contextual design methodology is also beneficial because of the limited pool 
of potential participants available to interview. In Rapid Contextual Design, the authors 
suggest aiming for between four and twelve interview subjects, and three to four people 
from each job role (Holtzblatt, Wendell & Wood, 2005, p.65). By using anthropological 
approaches to gather rich detail from each subject, a small number of interviews can 
provide the key insights into the structure of a system. In this environment, the pool of 
available staff was small, but individuals could represent more than one role. The scope 
of the work examined was also narrow enough that we believed a smaller group of 
participants was able to provide sufficient information. 
Sampling and Recruitment Procedures 
The staff that support the VR Studio can broadly be categorized as belonging to one of 
three job roles: management staff, workshop presenters, and other support staff. 
Individuals may work in more than one of these contexts depending on their skill sets, 
availability, and the needs of the space. Full-time staff can fill all these roles, while 
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student staff function as workshop presenters and support staff. With few exceptions, 
orientations are presented and supported by student staff. In order to ensure a thorough 
understanding of the space and the specific workflows and goals of the orientation, 
individuals from each of these roles were included as subjects.  
We contacted prospective interviewees contacted by email. Before scheduling an 
interview, we provided users with a consent form indicating that participation was 
voluntary and that the collected data would be anonymous. It additionally provided 
consent to collect audio recordings and photographs of the interview. These recordings 
were optional, and only used to improve our recall and understanding of the work 
performed. We invited participants to participate without photography or audio recording 
if they preferred. We recorded five of the seven participants. The files were kept on a 
password protected computer in the researcher’s possession and destroyed per IRB 
requirements. We scheduled most interviews at the D. H. Hill Jr. Library VR Studio, 
though we made exceptions for participants whose current job roles did not include tasks 
related to the daily operations of that space. We also verbally confirmed the purpose of 
the project and the interviewees’ rights as participants prior to commencing interviews. 
Initial interview participants included key personnel in the VR Studio, contacted 
by email and then in person. From initial interviews, snowball sampling helped identify 
additional participants. Some eventual participants expressed an initial reluctance to 
participate until hearing about the experience from their colleagues or seeing what it 
entailed for themselves. This recruitment approach was selected because it is less 
resource intensive than other recruitment options and allows for purposeful selection of 
interview candidates for diversity in perspectives. 
Over the course of three weeks in February of 2019, we conducted nine interviews 
with seven individual participants, three of whom served as management staff, six of 
whom acted as workshop presenters, and six of whom were experienced as support 
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staff. We conducted contextual inquiries of five orientation sessions and collected two 
retrospective accounts from staff that had previous experience presenting the 
orientation. Specific work observed included preparations for orientation sessions, 
delivery of the orientation presentation, management of the hands-on VR time, and post-
orientation data processing. Interviews and observations were conducted until 
observations ceased to provide new insights. 
Data Collection Procedures 
We conducted semi-structured interviews with participants that do not typically perform 
orientations or daily support interactions within the space, but have roles in the oversight 
of the current orientation process. These interviews focused on understanding the 
origins of the VR Studio and the associated orientation. We asked these participants 
about their role in the creation of orientations, and their understanding of its 
requirements, format, and content. We asked about the challenges presented by the 
space and the orientation, and their experiences delivering orientations. We asked 
follow-up questions as needed to develop an understanding of the history of the VR 
Studio and how orientation processes have evolved.  
 For participants responsible for performing workshops or otherwise working with 
new users, we performed interviews and contextual inquiries of the work performed 
before, during, and after orientations. During orientation sessions, the interviewee is 
presenting to an audience and guiding users with the technology. Because this work is 
uninterruptible, we recorded observations and saved questions for the end of orientation 
or breaks between service interactions. Orientation sessions occur infrequently, so in 
two cases we asked participants to walk through retrospective accounts of their actions, 
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focusing on the specific actions performed and their motivations. In total we observed 
five live orientation sessions and two reconstructed sessions with our participants.
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Data 
We reviewed the information we gathered through interviews in order to identify the 
common themes that emerged across orientations. To better understand the orientation 
session and the work that occurs around them, we developed models to represent the 
state of operations.  
Prospective attendees register for orientation sessions in order to attend. Links for 
available orientations are accessible through the library website. Registration is 
completed through REPORTER, the university’s software for tracking and managing 
registrations for non-degree credit activities across campus. Registration is limited at 
fifteen users for all normally scheduled orientations, though the registration requirement 
and attendance limit ignored for special events like class visits. The limits have their 
origins in the NC State University Libraries’ Makerspace workshops which are also 
designed for a space with a limited number of machines. 
Broadly, orientation preparations begin less than fifteen minutes before the 
scheduled start time of an orientation. Orientations are delivered in either Room 2318, 
which we refer to as “the foyer”, or Room 2317, which we refer to as “the lab” (see 
Appendix A, B). A staff member delivers a presentation that typically lasts between 
twenty-five and thirty minutes. After the presentation, attendees can opt to complete a 
waiver that will authorize them to reserve workstations in the VR Studio (see Appendix 
D). The term “User Agreement” appears on the document, but in presentation materials, 
interviews and conversations with users, staff use the term “waiver”. For consistency this 
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work uses the term “waiver” whenever appropriate. Attendees may use the remaining 
thirty minutes for hands-on VR free-play, regardless of if they opt to sign a waiver.  
Typically, the orientation presenter is joined by a second VR Studio employee. 
This person serves as support staff, helping set up the space and supporting users 
during the hands-on VR portion of the orientation. We use the terms “presenter” and 
“support staff” to refer to these roles in describing the orientation process.
Presentation Setting 
Orientation presentations take place near the foyer, in Room 2318, or in Room 2317, the 
lab. Staff reported that the number of enrolled attendees helps them determine where to 
present, but the choice is up to the individual presenter. All but one of the orientations 
we observed were held in the foyer. The lab was only used during an orientation in 
which fifteen people registered, and thirteen ultimately attended. We observed that the 
larger space was needed for orientation sessions that take place as part of VR Studio 
events because these events allows for higher attendance than the fifteen-person limit of 
the normal orientations.  
Using the foyer appears to provide some advantages to staff. They are able to 
direct new arrivals to sign in on the iPad, mark their attendance on the attendance 
printout, and take a seat. If staff are not near the entrance to the VR Studio when 
attendees arrive, as is often the case when the orientation is held in the lab, the sign-in 
iPad and attendance printout are often overlooked. If staff and waiting attendees are in 
the lab, new arrivals tend to join them. Staff are diligent about ensuring users mark their 
attendance and bring the attendance printout into the lab to pass around.  
If users miss the attendance printout while walking in, they are eventually 
prompted to its presence by staff, or notice where others are completing it and move to 
 32 
that location. The location of the presentation appears to have a significant effect on 
when people sign the waiver. When it takes place near the entrance to the studio, many 
users sign the waivers as they travel past them on their way to the workstations. If the 
presentation takes place in the lab, many users move to a workstation rather than 
retrieve a waiver. Some of those that do not have a workstation look for a waiver, but it 
becomes much more common to wait until leaving the VR Studio or taking a break from 
using a workstation before seeking out a waiver. In both scenarios, staff are alert and 
check in with users to ensure waivers are completed. 
Preparations for Orientations 
Orientation presenters report that preparations for an orientation are easy to complete 
within fifteen minutes, and observation confirmed that even with interruptions, set-up is 
typically complete within ten minutes. If the presenter are behind, they also have five 
minutes of buffer time after the official start time of the orientation. Presenters were 
uniformly observed to wait five minutes for late arrivals. Though orientation presentations 
can take place in either the VR Studio entrance or lab, the processes are nearly 
identical. 
The presenter logs into a VR workstation that they use for delivering the 
presentation. They navigate to NC State’s REPORTER website. There, the presenter 
logs in and views their assigned orientation sessions. They select the current orientation 
and print a roster of registered users. The presenter then retrieves the roster and places 
it next to the sign-in iPad, on a table in the foyer, a few feet into the entrance of the VR 
Studio. Next, the presenter and support staff move chairs from in front of the 
workstations to audience seating areas (see Appendix A, B). At this point, if the door to 
the VR Studio is closed, staff will open it and welcome waiting attendees. Staff direct 
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users to both sign in on the iPad and mark their attendance on the printed roster (see 
Appendix E, F). Frequently, there will be non-registered individuals interested in 
attending. They are always invited to join the orientation and to fill out their name, email 
and student ID number on the printed roster. The presenter returns to their workstation 
to access their Google account and open the presentation slideshow. While preparing, 
the presenter reminds people to sign in. When the presentation takes place in the lab, 
before presenting, the presenter retrieves the roster and passes it around to be signed 
by any users that missed it when first entering. 
During this time, support staff arrange seating and ensure any non-attendees 
leave the lab. They check to make sure each workstation is powered on and that either 
the Steam or Oculus applications, which host the software that operates the VR 
equipment, are open. Support staff also remind users to sign in on the iPad and printed 
roster and ask users to take a seat ahead of the presentation. We observed that this 
task was much more necessary if the orientation was being held in the lab.  
Orientation Presentation 
Each orientation begins with a presentation that explains the different applications of the 
technology, what users can do in the VR Studio, and how to use the technology safely. 
The presenters usually finish the presentation within twenty-five minutes, leaving thirty 
minutes for hands-on time for exploration of the VR systems. The presentations are fairly 
consistent in most circumstances; a sequence model of the presentation (see Appendix 
C) highlights the typical tasks that comprise the presentation.  
 The presenter begins with some background information on who they are, and 
their experience with VR and working at the VR Studio. They also preview the structure 
of the presentation and let attendees know that they are free to ask questions and that 
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they should have lots of time to experience VR first-hand after the presentation. During a 
heavily attended orientation and during an unscheduled presentation for some extremely 
late attendees, the presenter mentioned moving through the content quickly to get 
attendees to the experience faster. 
 The presenter continues with a description of the hardware available in the 
space. The PlayStation 4 VR is quickly mentioned as an inferior technology, and users 
are steered away from it. In some presentations it is mentioned as having a majority of 
the consumer VR market share. Presenters consistently mention the number of 
workstations available and describe practical differences between the HTC Vive and the 
Oculus Rift. They may also mention differences in cost and the preferences of VR Studio 
staff. New mixed reality headsets are infrequently mentioned and do not have an 
associated slide in the presentation slide deck. 
The next section of the presentation describes the different uses for VR and what 
users can do in the VR Studio. Slides highlight some of the mixed reality activities that 
the VR Studio enables: creation, education and research, historical and cultural 
preservation, gaming and socializing, and VR application development. Each slide 
shows an image from between two and four applications. Presenters will briefly describe 
a selection of these applications and share some of their own experiences. The 
presenters may also play two video advertisements for applications: Medium, a creation 
tool, and Anyland, a Minecraft-like social game that lets users build their own interactive 
environments. In each of the instances where video playback was attempted, presenters 
needed to quickly troubleshoot when sound was inaudible. While the video plays, the 
presenter describes what was being shown. The final slide in that series mentions the 
opportunity for application development using the Unity or Unreal engines. Presenters 
typically mention the campus’ Video Game Development Club, though no contact 
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information is provided unless a member of the club is among orientation staff. This 
section ends with a reference to the library’s tech lending program.  
Presenters next discuss reservations, explaining that reservations are required to 
use the VR workstations outside of the orientation session, and that users will be able to 
reserve workstations after signing a waiver. The directions include screenshots of the 
room reservation website and are easy to follow. Finally, in some orientations, the 
presenter mentions that users are limited to four hours of workstation reservation time 
per day. Opportunities of hosting events in the VR Studio is hosting are also referenced 
on a slide at the end of this section, but presenters are inconsistent in speaking about 
this option and providing examples. 
The presentation devotes a substantial section to safety concerns, along with 
usage guidelines and helpful tips. The section begins with a slide that mentions the 
application libraries, Steam, and the Oculus Store, but presenters consistently have little 
to say about them, and in once observed instance, the presenter wondered aloud at the 
purpose of the slide. Following these slides, staff focus on safety, devoting slides to 
managing the risks of motion sickness, collisions, tripping hazards, and dropping 
controllers. Users are advised to take breaks, walk, get a drink, or eat a snack if they 
experience motion sickness. The presenter points out the square boundaries taped to 
the floor near each workstation, and mentions that the boundaries correspond to virtual 
boundaries that are displayed through the VR headsets. Presenters demonstrate best 
practices for managing cords attached to headsets and using wrist straps to avoid 
dropping controllers. Each presenter offers cautionary tales of observed behaviors or 
their own experiences for these safety issues. Audience body language and laughter 
suggests that they were particularly engaged by the use of narratives. 
Headsets and controllers are the next area of focus. The presenter discusses 
how to adjust the straps on headsets to get the proper fit and points out where the straps 
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are located on the headsets. The presenter examines the audience and recommends 
the Oculus Rift for accommodating large-framed glasses if the information appears 
relevant to attendees. Presenters mention that sound playback is built into the headsets, 
and though the slide mentions adjustments, these are not typically demonstrated. Slides 
showing the controllers appear next, and the presenter mentions that the HTC Vive’s 
controllers are ambidextrous, while the Oculus has controllers shaped differently for left 
and right hands. They also mention that staff opinions are divided on which controller 
model is superior, and each user can find their preference by trying them out. In some 
orientations the presenter points out the quantity and placement of buttons, but in other 
orientations, the presenter will comment only that the controllers are different. 
At the end of the section on equipment usage, the presenter discusses 
cleanliness. The VR Studio provides disposable sanitary masks for users to wear while 
using headsets, and alcohol wipes to clean the headsets. Here the presenter offers an 
example of why sanitation is beneficial, but also states that they dislike using the masks. 
In some orientations, the presenter could not readily locate sanitary masks or alcohol 
wipes. We did not observe any users employing the sanitary masks, though some users 
opted to wipe headsets clean after use. A slide discussing the mental effects of VR 
closes this section. The presenter discusses the immersiveness of VR, and its potential 
for triggering psychological reactions, citing fear, anxiety, and Post Traumatic Stress 
Disorder specifically. In some cases, graphic content and epilepsy are also mentioned 
as potential risks. The presenter offers to advise on any content concerns and mentions 
that the campus has a counseling center available if anyone needs to talk about their 
experiences. 
Finally, the presenter clicks through slides for a few applications that are often 
recommended by staff for beginners: Tilt Brush, Google Earth VR, and Job Simulator. 
While staff interviews describe using these slides to recommend experiences to new 
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users, presenters do not spend more than a few seconds on these slides, if any. The last 
slide reminds users to sign the waiver and thanks users for attending. The presenter 
states that waivers need to be completed in order to reserve VR workstations and invites 
attendees to try VR for themselves. 
Transition to Hands-on VR 
The transition from presentation to the hands-on portion of the orientation happens 
differently depending on whether the orientation takes place in the entrance or the lab, 
but we observed some commonalities. Many users opt to sign the waiver immediately, 
while others move directly to a workstation. Some users help staff clear chairs from play 
areas before proceeding to the waivers or workstations. Staff typically split 
responsibilities, one facilitating waivers while the other assists attendees at workstations. 
Waivers are consistently made available on a table next to the entrance to the 
lab. Staff regularly search for pens during this time, though attendees may also use their 
own pens or wait for a pen to be passed around. Attendees often ask support staff and 
other attendees what to do with completed waivers. Most attendees deliver their waiver 
to staff or place it on the table where the blank waivers are kept. Less frequently, 
attendees place waivers on another table in the area or hold onto their waiver until staff 
notice and offer to collect it. Staff periodically place completed waivers in a file folder 
labeled “Filled User Agreements”. 
 Attendees that move to workstations are asked to sign waivers before they leave. 
As users prepare to leave the VR Studio, staff again remind them to complete a waiver. 
Rarely, attendees leave the orientation immediately after the presentation; in these 
cases, staff are quick to notice attendees leaving the lab and direct them to complete a 
waiver. Staff report that nearly all users sign the waivers, but note that students who visit 
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the VR Studio just prior to graduating will skip it because they do not have the 
opportunity to return. In the sessions observed, all attendees were offered waivers and 
nearly all opted to complete them.  
Nearly all of the attendees appear to at least skim the front of the waiver before 
recording their name, campus ID number, Unity ID (an additional unique identifier), and 
signature in the appropriate fields of the waiver form. A majority do not notice the content 
printed on the reverse side of the waiver, though infrequently a user would turn the page 
over, and immediately turn the page again. 
Hands-on VR Time 
After the orientation presentation, the remaining time is spent letting attendees use the 
VR Studio. The presenter’s responsibilities shift and they function as support staff for the 
remainder of the orientation. This time is scheduled for thirty minutes, but as long as 
workstations are free, users are welcome to stay beyond the scheduled time. Attendees 
often arrive in groups of two or three, and these groups would typically move to the 
same area to occupy one workstation. Users do not appear to seek out specific 
workstations. It is unclear if they have any preference based on their interests or 
information provided during the orientation.  
Once users move to workstations the process can vary significantly by individual 
user. Some users appear to have used VR or the Steam software in the past, and 
quickly begin using an application. Most users and groups are willing to try figuring out 
the headset and controllers for themselves, but benefit from staff assistance. Support 
staff move between workstations to assist users, providing software recommendations, 
assistance with controllers and interface navigation, or headset adjustments. It is 
unusual for technical issues to arise during the hands-on phase, as staff point out 
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workstations that are having technical issues in advance. When technical problems do 
manifest, restarting the application, using an alternative application, and rebooting the 
workstation are frequently successful paths for resolving the issue. In most instances, 
staff spend between one and three minutes at each workstation helping users get set up. 
Once staff assist each workstation’s current user, they return as needed to follow up. 
This happens most frequently when workstations have multiple users, users who wish to 
exit or change experiences, and in cases where a hardware reboot is necessary to 
resolve a technical problem. 
Support staff are proactive about finding people that needed assistance. Users 
rarely leave their workstation to ask for assistance with hardware or software issues, 
instead they typically stand or sit at their workstation with their headset removed and 
wait to make eye contact with staff. Users holding or removing headsets also appear to 
be a trigger for staff to approach and offer assistance. Users will approach staff but 
these interactions are typically general questions, requests for recommendations, or 
non-VR specific conversation. Users are patient and polite when waiting for assistance. 
They appear entertained by watching others get started while they wait. In each 
observed orientation there was always at least one workstation occupied by a user or 
group that was able to start their session quickly and independently. Attendees that are 
unwilling or unable to begin without assistance or waiting for a workstation watch active 
users or other groups being assisted by staff. Attendees were willing to share 
workstations when necessary and are able to trade off without staff intervention. Staff 
report that asking a user to give up a workstation is occasionally necessary to ensure 
that all attendees get time with the technology. 
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Low to Moderate Attendance Orientations 
We define low to moderately attended orientations as those with ten or fewer attendees. 
In these orientations most users have their own workstations. Users in these orientations 
tend to stay in the VR Studio for the duration of the orientation, rarely leaving more than 
a few minutes before the end of the scheduled hour. Even after handing off headsets to 
other users, most of the observed attendees tend to stay to watch other users try VR, 
discuss VR, or chat about unrelated topics. In these orientations, most users are able to 
explore VR applications for at least twenty minutes. Many users spend thirty minutes or 
more using the VR equipment, either by having a headset to themselves or by staying 
beyond the end of orientation.  
In cases where a user did not have a workstation, they paired up with a 
companion they arrived with. In these cases, attendees often work with their companions 
to assist with setup and troubleshooting. Waiting users converse with their friends and 
learn from observing before trying the technology for themselves. Users who are only 
able to start trying VR near the end of the orientation session, they often stay longer. 
The additional time spent after the end of orientation is usually fifteen to thirty minutes.  
High Attendance Orientations 
We define a high-attendance orientation as one with greater than ten users. In these 
sessions, there is a significant likelihood that an attendee will not be able spend a 
significant amount of time with a workstation during the free-play time. The largest 
observed group included thirteen attendees. Two users that were unable to secure a 
workstation opted to sign a waiver and leave within a few minutes. This orientation 
session benefited from some experienced attendees who were able to begin using a 
workstation quickly and independently. In this instance, when there was a shortage of 
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workstations, more users gave up their workstation and left early. In the smaller groups, 
most users opt to stay around and watch. When we asked staff about users that decline 
to try VR, staff estimated that ten to fifteen percent of users leave in less than ten 
minutes, and that early departures were rare outside of large orientation sessions. The 
motivations for these abbreviated sessions are unknown. Staff report the belief that the 
pressure to let others have a turn, the knowledge that the wait could be long, and the 
density of users in the space as likely causes. The early departures are not necessarily 
indicative of an off-putting experience with the VR Studio, as staff report seeing some of 
those users returning to the space in the future. Excluding users that leave without 
testing the VR equipment, the typical amount of VR time per user is a little more than ten 
minutes, though some users experience more time in VR by staying past the end of 
orientation or neglecting to share their workstation in a timely fashion. 
A highly attended orientation session also changes staff roles. Staff need to 
move quickly and spend more time getting workstations working. Staff spend less time 
discussing VR, answering non-troubleshooting questions, chatting with users, and 
cycling users through experiences. Staff manage large groups and technical challenges 
effectively but express heightened stress, panic, and helplessness as users wait for 
assistance. The combination of a large orientation session and a workstation that is 
either unusable or in need of significant troubleshooting was cited as particularly 
challenging. Staff report confidence in their abilities and report doing as well as can be 
expected in the circumstances. In one observed instance, repeated technical issues 
required staff to reboot one of the first computers they were assisting. While the 
computer restarted, staff helped others and answered questions, but was quick to focus 
on the user with the difficult workstation whenever action was needed. With less than 
fifteen minutes remaining in the orientation, the user thanked staff for resolving the issue 
and began their experience, but their tone and body language suggested diminished 
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enthusiasm. Though the situation was far from ideal, staff were diligent and empathetic, 
making the best of a difficult situation. 
Access 
During the Fall of 2018 and Spring of 2019, orientations were scheduled for Monday and 
Tuesday evenings. This schedule was established in part because of student staff 
availability, but the consistent times have been reported to positively impact sign-ups 
and attendance rates. Prior to this schedule, orientation days and times varied, as did 
their frequency. During the first few weeks of the semester, staff attempted to offer 
orientations daily before reducing the frequency for the rest of the semester.  
When we asked about orientation enrollment, staff consistently identify the first 
and last few weeks as much busier than the rest of the semester. They also report 
significant fluctuations in enrollment from session to session. Our observations support 
staff statements about variable enrollment. One intended orientation did not occur when 
the sole registered participant did not show up. Another instance saw full registration, 
with fifteen users signed up. In that instance, four registered users did not attend, but 
two walk-up attendees were able to join in.  
According to staff estimates, average attendance is greater than fifty percent and 
may be as high as seventy-five percent. Staff report that some users will repeatedly 
register and then cancel on short notice, or not attend. In the instance where nobody 
attended, it meant a student worker arrived for a work shift and was not needed. In 
cases when registration is full, staff express frustration toward spots wasted due to no-
shows. In these cases, it is unknown how many users would have registered if more 
spots were available.  
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Walk-up attendees are common at orientation sessions and staff always 
welcome the late additions. We observed walk-up attendees at two orientation sessions. 
In one case, an attendee reported being unable to register because registration was full. 
In the other, the attendee expressed an inability to register, but the nature of the 
registration difficulties was unknown. Staff report that prospective attendees occasionally 
mention having difficulty registering, but these instances are infrequent. It is unclear how 
often people give up or delay attendance without contacting the VR Studio, or whether 
the challenges faced by users who fail to register are due to capacity, schedule conflicts, 
or other unknown registration problems. 
VR Studio Data Collection Practices 
The VR Studio has a number of data collection practices, some of which are used for all 
visitors to the space, while others are limited to orientations. As previously described, 
any user attending an orientation is expected to sign in on an iPad (see Appendix E). 
Attendees also sign an attendance printout when they enter the VR Studio or shortly 
before the start of the presentation (Appendix F). The presenter uses REPORTER, the 
campus workshop registration system, to print the attendance sheet in the minutes 
before an orientation begins. If users do not appear listed on the attendance printout, 
staff direct users to write their name, student ID, and email on the bottom of the sheet.  
As mentioned above, after the presentation segment of the orientation, the 
presenter invites users to sign a waiver that describes rules and expectations for the use 
of the VR Studio. Staff collect waivers from attendees during the course of orientation 
and place them in a folder for processing. 
Staff also log questions asked by VR Studio visitors and the nature of the 
activities being performed on workstations any time the VR Studio is open. This 
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information is recorded in Suma, a space usage tracking assessment tool (see Appendix 
G), on an iPad. Management staff may analyze and report this data to indicate how the 
VR Studio is used. During and after the orientation, logging activities in Suma are largely 
abandoned. It is unclear how much time passes between the end of an orientation and 
the resumption of staff driven data collection. When we asked, staff reported difficulty 
remembering to use the application, even outside of orientation sessions. In one case, 
staff reported using retrospective estimates when entering data after a workshop ended.  
VR Studio Data Processing 
Staff report that waiver and attendance processing typically occurs in the hours 
after an orientation, though it can also happen a day or two later. The VR Studio uses 
waivers to record who has completed an orientation session and therefore may reserve 
workstations and use the space. Staff sign into SpaceAuth, the library’s space access 
authentication software, and transcribe information from signed waivers to register new 
users.  
Support staff can figure out some illegible or incomplete waivers by using the 
campus directory. If they are unable to process a waiver, it is placed in a designated 
“Problem User Agreements” folder for full-time staff to review. These are reported to be 
infrequent and we were unable to observe these directly. When a waiver is processed, 
staff initial and date the form, and check a field to indicate that the waiver is complete. 
They also write the first letter of the attendee’s last name in a field at the top of the form. 
Staff alphabetize these forms in a folder labeled “Filled User Agreements”. 
The VR Studio also records information from attendance printouts, providing staff 
with data about registrations and attendance rates. The presenter logs in on 
REPORTER and navigates to the most recent orientation session to record attendance. 
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The presenter marks registered attendees as either Complete or No Show, selecting 
these options from a drop-down menu next to each enrolled attendee. The attendance of 
walk-in participants is not recorded in REPORTER. This entire process takes only a 
couple minutes to complete.  
Shared Goals 
Interviews and observation confirm a shared understanding among staff of the purpose 
and goals of the VR Studio orientation. The physical safety of the users, those around 
them, and the equipment, are high priorities, and safety is effectively maintained in the 
daily operations in the space. The presentation segment of the orientation addresses 
safety in detail, and presenters offer cautionary tales along with strategies for safe VR 
usage. They emphasize these safety points, and are quick to tamp down and correct 
unsafe use of the equipment during free-play. The presentation discusses the logistics of 
the VR Studio: who can use the space, how to reserve a space, and what the space can 
be used for. Management staff place significant importance on showing the breadth of 
VR’s applications beyond games. This messaging is well represented in the orientation 
content, though the majority of users are initially interested in gaming. 
Providing an orientation that is itself a good user experience is a fundamental goal 
shared by VR Studio staff. Support staff and presenters have strong customer service 
skills and aim to provide a positive and memorable experience with VR. Staff 
troubleshoot, answer questions, and recommend applications throughout the orientation. 
Staff hope to provide an orientation that, even if the user never visited the VR Studio 
again, would be appreciated as a satisfying experience on its own merits. Staff typically 
recommend the same group across orientations: Google Earth VR, Tilt Brush, Job 
Simulator, The Lab, Richie’s Plank Experience, and Oculus First Contact. For more 
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experienced users, staff recommend Arizona Sunshine, Beat Saber, SUPERHOT VR, 
and Robo Recall. Support staff generally cite “fun”, “intuitive”, and “fast” as descriptors of 
their preferred recommendations. Memorability and immersion are mentioned less 
frequently.  
Student Leadership 
The student staff share a sense of ownership over the VR Studio, and the group of nine 
students employed by the VR Studio are capable of managing a significant portion of 
daily operations. They are presenters and support staff for all regularly scheduled 
orientations. Management staff place great deal of trust in the students, and they rise to 
the expectations placed on them. While users are often wearing headsets that obscure 
their vision, student support staff navigate the challenge of troubleshooting in a 
respectful and attentive fashion. As support staff, they resolve many technical issues 
independently, and they are proactive about attempting to resolve issues before 
escalating them to managers.  
The student group works effectively as a team, despite most of them only sharing 
an hour or two of overlapping schedules with another student colleague. These periods 
where schedules overlap allow them to learn from one another. In addition, they rely on 
GroupMe, a mobile group messaging application, to remotely ask questions, 
troubleshoot, and manage exceptions to their work schedules. Student staff feel 
comfortable running the VR Studio in the absence of staff and escalating issues that the 
group is unable to deal with confidently. 
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Analysis 
Variations in Setting 
The choice of presentation location (the foyer vs. the lab) is often a matter of preference 
on the part of the presenter, though if attendance for orientation is high, the entrance to 
the VR Studio does not have enough open space in its current configuration to 
accommodate the audience. Though the presentation content is identical in both spaces, 
variations in execution emerge in the minutes before the orientation begins, and in the 
transition from presentation to hands-on VR experience. In both situations processes 
favor the use of the entrance space. 
 When attendees enter the space, they move toward where the presentation is 
taking place and where other attendees or the presenter are located. If this is in the lab, 
the attendee can bypass the sign-in iPad and the attendance printout (see Appendix B). 
In the foyer, this is much less likely to happen. The presenter is in eyesight of the 
entrance and is able to direct users to sign in and mark their attendance (see Appendix 
A). The attendees seating is also adjacent to the sign-in table, so users see it while they 
wait for the presentation to begin.  
 At the end of the presentation, attendees are invited to sign waivers and move to 
a workstation. In orientations where the entrance space is used, people tend to sign the 
waivers on their way into the space, but if they are already in the space, they are more 
likely to move to workstations. When users do not sign waivers right away it falls on staff 
to keep alert for users that are leaving the VR Studio in order to prompt them to 
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complete a waiver, introducing an opportunity to miss users and adding an addition 
burden on staff while they are focused on managing the VR experience for attendees. 
 The seating also impacts the speed of transition from the presentation. If the 
entrance is used, the workstations in the lab are immediately free of obstructions and 
ready for use. If the lab is used, staff must clear away chairs before the workstations are 
ready for use (see Appendix B). This delay is minor, but it happens at a time when 
attendees are otherwise idle. While attendees help, only staff know where chairs need to 
go to avoid blocking sensors.  
Variations in Attendance 
As orientation sessions have more attendees, staff become busier and have less time 
for each attendee. They are confident in their ability to handle large groups and have 
demonstrated their capability, but the two staff running an orientation, regardless of their 
skill levels, can only do so much when they have a large group, limited time, and limited 
workstations. They express that these situations are difficult and stressful as well. When 
rushed, they have less opportunity to share their expertise and demonstrate to users the 
level of service that the VR Studio aims to provide.  
In the hands-on portion of the orientation, high attendance can limit the ability of 
attendees to explore the technology. Some users will only have ten to fifteen minutes to 
try a headset. Of the hourlong orientation in which they committed to learning about and 
trying mixed reality, this is too small of a proportion of their time. While users seemed to 
tolerate the relative brevity of the hands-on portion of the orientation, the short duration 
likely still has an effect on how much users enjoy the experience and how much they 
actually learn. The VR free-play, facilitated by support staff, is the orientation’s greatest 
asset, and when the attendance moves beyond the number of available workstations, 
users lose opportunities to experience the breadth of what is available in the VR Studio. 
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Presentation Structure and Format 
The presentation content serves the goals of the orientation, and the audience is 
attentive and receptive to the material. Anecdotal feedback from orientation attendees 
strongly suggests that students appreciate learning about VR from another student. 
They enjoy the stories and examples presenters use to flavor the presentations, and 
equally importantly, the attendees appear to learn from it. There are, however, some 
areas in which recurring issues appear (see Appendix C). The breakdowns in the 
presentation appear to fit in three broad categories: content that appears out of context, 
areas where staff do not fully discuss content, and sections in which the format of the 
presentation itself may not effectively convey content. 
 When content is displayed on slides without sufficient context, it works against 
presenters. When the presenter’s spoken narrative does not match the content being 
displayed, content meant to be delivered with a slide is more likely to be overlooked or 
diminished. Specific content that appears out of place includes information about clubs 
and events, application libraries, and the mental effects of VR. In these situations, the 
presenter often has nothing to add to the slide or fails to put the information in the 
appropriate context for the attendees. 
 Some content is either not sufficiently understood to be effectively presented, or 
is not sufficiently relevant to the orientation experience. This content includes information 
on the PlayStation 4 VR, the videos of the Medium and Anyland applications, and slides 
near the end of the presentation that highlight some of the available VR experiences. 
The PlayStation 4 VR appears to be universally dismissed by staff, and the orientation 
steers attendees away from it. This calls into question the value of the PlayStation 4’s 
inclusion in the orientation, and indeed its value as a device in the VR Studio. The 
videos themselves do not add anything unique to the presentation that is not covered 
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elsewhere and are often skipped by the presenters. Finally, three slides at the end of the 
presentation, intended to preview introductory experiences for the hands-on segment of 
the orientation, are likewise skipped. Users have already heard descriptions of two of 
them so presenters may opt to avoid repeating themselves. The audience does not 
benefit from hearing multiple descriptions of the same application within the 
presentation. 
 The room reservation process and equipment usage tips do not appear to be 
effectively conveyed by the presentation format. The presentation covers room 
reservations in detail, yet staff report that people who are making their first visit after 
orientation often only make reservations when they arrive at the VR Studio, and that 
instructing users in the process outside of the orientation session is a common task. 
Similarly, information on how to fit and adjust the headsets, and how to wield the 
controllers, needs to be repeated and demonstrated with users during the hands-on 
segment of the orientation. Lecturing and demonstrating are only of limited use until 
users have the relevant objects to manipulate for themselves.  
 Each piece of information that does not add value to the attendee’s experience or 
further the goals of the VR Studio detracts from the overall experience. This content 
adds more of a cognitive burden on attendees and consumes time that they could spend 
exploring and learning the technology first-hand. 
Data Management 
Data collection that relies on staff input provides only a limited picture of their 
interactions, particularly during busy orientation sessions. The Suma usage tracker is 
kept open on an iPad during VR Studio hours (see Appendix G). Though on a mobile 
device, the iPad remains in the foyer while interactions and workstation usage primarily 
occurs in the lab. Staff forget to log data or prioritize users during and after orientations, 
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so the data collected is incomplete. This is a period when customer service interactions 
are high, which suggests that the data will not be a full and accurate representation of 
the interactions within the VR Studio.  
 Attendees are asked to sign into the space three separate times during 
orientation sessions. In addition to signing in on an iPad, they sign an attendance 
printout (see Appendix F) and the agreement to the rules and expectations of the VR 
Studio as outlined in the waiver (see Appendix D). All three of these serve as slightly 
different records of a person’s use of the VR Studio. Users provide their name, email 
and campus affiliation digitally; their name, campus ID number, and email on paper; and 
sign their name twice, once on the attendance sheet and once on the waiver. This is all 
after they have already logged in with their university credentials to register for the 
orientation. The use of so many touch points detracts from the user experience and 
introduces a greater potential for errors. While staff may derive value from the different 
data sets, it must be balanced against the wants of orientation attendees who want to be 
credited for attending the orientation and gain access to the VR Studio.  
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Recommendations 
Formalize Use of the Foyer for Orientations 
The use of the foyer to the VR Studio, offers advantages over the lab that make it the 
more appropriate setting for all orientations that can fit in the space. Presenters can see 
attendees, including late arrivals, and if necessary direct them to any attendance or sign-
in tasks. In addition to being better able to welcome and direct attendees, it also 
provides distance from the workstations. This presents a natural break between the 
presentation and free-play during which waivers can be completed by any interested 
users. It also ensures that all but one workstation is unobstructed by chairs and 
immediately ready for use. 
 In the case of special events and class instruction with high enrollment, this will 
not be feasible due to the constraints of the space, but for all regularly scheduled 
orientations, we recommend that Room 2318 become the default location for the 
presentation portion of the orientation. 
Reduce Group Sizes 
While the ideal workshop size most often described was equal to the number of 
available headsets, unexpected technical issues and inconsistent workshop attendance 
make attempting a one-to-one ratio between attendees and hardware difficult. While 
having every attendee in a headset would provide a much more in-depth experience, we  
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recognize that orientations of six or seven people could negatively impact access 
opportunities for new users. However, there is still value in reducing the enrollment cap. 
For regular orientation sessions, limiting the attendance ten or even twelve users would 
better enable staff to provide a consistent experience. In addition, users would have 
more time to spend using the technology, without the time pressure of waiting peers, and 
ideally, they would have the opportunity to try more than a single application. A goal of 
the studio is to show the breadth of VR experiences, and while that is touched on in the 
presentation, more time for each individual to use the technology hands-on can allow 
users build on their understanding by exploring the technology for themselves.  
Reduced enrollment caps will also address situations that staff experience as 
unenjoyable or stressful, such as the need to rush users during the hands-on portion of 
the orientation. Unexpected technical problems also become less disruptive in these 
instances as well. Reducing staff demands allows them to more quickly resolve issues, 
or in the event that an issue can not immediately be resolved the capacity is available to 
have attendees share the remaining workstations.
Placing less demand on staff leaves them freer to spend time with individual 
attendees and enhance the user experience. The staff are integral to making the 
orientation a valuable initial experience. If staff are not as rushed, attendees are free ask 
for more guidance or recommendations that they might avoid when staff are so 
frequently occupied. 
Schedule Additional Orientations 
Periods when staff overlap should be used as opportunities to schedule additional 
orientation sessions. Whether group sizes can be reduced or not, current staffing levels 
would allow for more workshops without an increase to the staff budget. The staff work 
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schedule already has several periods each week where multiple staff are scheduled at 
the same time, though only two of these are currently used for orientation. The existing 
scheduled orientation is well integrated with library systems and setup is not difficult, so 
the additional staff effort outside of the orientations is minimal.  
The VR Studio should use historical data to evaluate demand for orientations, and 
adjust the orientation schedule to match that demand. Staff report higher attendance at 
workshops toward the beginning and end of each semester. An attempt to match the 
orientation frequency to this trend is recommended to maximize the utility of each 
workshop. During times during which workshops are offered more frequently, adding 
times that are earlier in the day may help the VR Studio provide access to new users 
that have difficulty accessing the VR Studio during the times when orientations have 
historically been offered.  
Though broadening access to orientation is a worthwhile goal, it should not come 
at the expense of the current orientation, which users appear to enjoy and value in its 
current form. The hands-on nature of experience and central role of staff in the 
orientation make development of an equivalent asynchronous orientation a difficult and 
resource intensive prospect. 
Room Reservations Content 
We recommend removing most of the room reservation content from the presentation, 
reducing the duration of the presentation and making more time available for using the 
technology. It also relieves users of the obligation to retain information that they will not 
need as immediately as much of the remaining content. Staff mention that assisting new 
users with reservations is a frequent interaction, but one that is also quick and simple to 
manage. The important component to convey in the presentation is that reservations 
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should be made, the process is not difficult, and staff can assist users quickly if needed. 
More specific information on how to reserve a workstation is posted on the wall of the 
VR Studio, though it could be revised and added to the website if it is considered 
complex enough to be necessary.  
While reserving a workstation is not difficult, we can compensate for removing the 
instructions by making the process easier. This should be achieved by changing how the 
VR workstations appear in the library’s online room reservation system and providing a 
convenient and memorable link for users to access the system. In the room reservation 
system, VR workstations are under a group of spaces titled “computer workstations”. 
Separating the VR workstations from other computer workstations in the room 
reservation system would make the reservation process more intuitive.  
The university also allows members of the campus community to use a custom 
university themed URL shortener that should be used for room reservations. Using the 
NC State University “Go Link” service to create a short and memorable link to 
workstation reservations provides an easier and memorable path for users to use when 
making a workstation reservation. These changes simplify the process for users and 
reduce the information staff need to convey on the subject. 
Restructure Content 
Certain segments of the presentation should be modified to better fit the goals and 
structure of the orientation. The orientation presenters are knowledgeable and well 
versed in the orientation material, and the choices they make about what to emphasize 
or minimize signal important changes in perceptions of relevance.  
Removing the PlayStation 4 from the VR Studio is beyond the scope of this 
report; however, if staff do not feel it’s a worthwhile experience for the orientation, it can 
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be eliminated from the presentation. Content on the differences between the Oculus 
Store and Steam applications may be worth removing for the same reason. The Medium 
and Anyland applications were not recommended or used by staff or attendees, and so 
the presentation content on these applications should be replaced with content relevant 
to the VR Studio or removed entirely. 
Information about the Video Game Development Club and use of the VR Studio 
for events appear separately from one another and out of context. How this information 
is presented, if at all, should be evaluated. Information on the mental effects of VR is 
important to convey for the emotional safety of VR Studio users, but this content is 
similarly out of place, separated from other safety information. This information should 
be delivered earlier in the presentation, alongside the physical safety materials. 
Allow Users to Explore Headset and Controller Usage 
Content delivered near the end of the presentation that relates to practical headset and 
controller use should occur while users are able to hold and manipulate the objects for 
themselves. The practical information and the advice provided by staff are invaluable in 
assisting new users get past some of the learning curve associated with new technology, 
but the information may be better suited for learning through doing. Allowing users to 
learn through activity is likely to help attendees engage with the technology and come 
away with a better understanding than they would from observing a demonstration 
alone. The experience of manipulating the controllers and headsets during instruction 
may better prepare users for the hands-on VR portion of orientation, enabling them to 
begin building familiarity and confidence with the technology. This content should be 
removed from the slideshow and shared with the group once they move to workstations 
and just before they begin the free-play segment of the orientation. 
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Review Content in Staff Meetings 
VR Studio staff do not regularly meet and there are rarely more than two or three staff 
members together in the space at the same time. Bringing the group together 
periodically to assess the orientation process would allow staff to share their 
understanding of the content and its presentation. It would also function as an 
opportunity to add and remove content to the orientation as the VR Studio changes. 
While daily operations are well managed, with student support staff communicating via 
the GroupMe app, meetings at appropriate intervals would be beneficial in making sure 
that the orientation and staff knowledge stays up-to-date. Scheduling should be 
determined by when significant changes occur in the VR Studio or personnel. 
Automate Data Collection 
We recommend implementing a software solution to automate workstation usage data 
and avoiding data collection through the Suma iPad. Staff are inconsistent about using 
Suma, especially when their focus is on assisting users. While the iPad could be brought 
into the lab, staff are regularly moving around and need their hands free to assist users. 
These support interactions can also happen quickly and in succession, and the added 
task of logging data is rightly made the lesser priority. Determining how the space is 
used could potentially be done passively with a software solution. The VR Studio has 
very high rates of attendance for reserved workstations, so reservations are actually an 
effective representation of usage outside of events. If the need for more complete and 
specific data exists, the institution could expand use of an existing solution for 
anonymized session times, durations, and application selection on the workstations 
themselves. A solution like LabStats, a lab monitoring software package, can perform 
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the tasks, and could lift a difficult responsibility from staff while providing a more 
complete picture of unique users, repeat users, and space usage. 
Streamline the Sign-In and Waiver Process 
For orientations, we recommend reducing the number of items a user needs to interact 
with from three to one. The sign-in iPad, attendance sheet, and waiver fulfill very similar 
functions, and new users are asked to complete all three when entering the space for 
the first time. Users expect to sign in once and be done with the process. We 
recommend presenting a waiver for attendance and new user registration at the 
conclusion of the presentation and before users begin the hands-on free-play portion of 
the orientation. Users can sign the waiver to have their attendance acknowledged and 
mark a check-box to designate that they understand and agree to the terms of the 
waiver. We recommend using the waiver form as the sole means of tracking attendance 
and eliminating the sign-in iPad and attendance sheet during VR Studio orientations. If 
any information currently captured on the iPad or attendance sheet is needed, we 
recommend modifying the waiver form to capture it. 
Change the Workflow for Registering VR Users 
Staff should use information available in the orientation registration system when 
registering new VR Studio users. Staff enter user data in SpaceAuth (see Appendix H), 
transcribing information from signed waivers. The information needed for registering new 
users exists in REPORTER, making most of the information requested on the waiver 
redundant. Using the data in REPORTER to populate SpaceAuth would allow staff to 
use digital information that is already known to be accurate instead of relying on data 
written on the waivers themselves. This has combined benefits of being more efficient 
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for staff, but more importantly, it could allow the work to be performed with greater 
accuracy by reducing potential for attendees to accidentally provide incorrect or illegible 
information.  
Update the Waiver Document 
Waivers ask for more information than they require and present more information than 
most users see (see Appendix D). We recommend limiting user input to their name and 
signature and a checkbox for agreeing to the terms of the waiver. Users may not recall 
their ID number or have easy access to it at the time when they complete the waiver, 
and if staff do not need it, removing the extra fields could save users the time and effort. 
The cumulative effect for each user can help smoothly shift the attendees from the 
presentation and into the hands-on VR portion of orientation. To reiterate our 
recommendations on streamlining the sign-in process, if information currently collected 
on the sign-in iPad or attendance sheet should be captured, the appropriate fields could 
be added to the waiver form. 
Additionally, the waiver should be changed to better indicate the content on the 
reverse side. It is rarely noticed by users, and while not always relevant to their use of 
the VR Studio, our intent if for users to be informed users of the space. The simplest 
option would be text near the bottom of the page indicating content on the reverse. The 
content in its current form would not fit neatly on a single side, though if edits could make 
that possible, that would be even more successful in drawing attention to the use 
agreement.
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Conclusion 
In this paper we have presented a contextual analysis of the orientation process 
for the VR Studio at the NC State University’s D. H. Hill Library. We conducted semi-
structured interviews and contextual inquiries with seven current and former staff 
members. From the information collected, we developed a holistic understanding of the 
processes and content of the current orientation. We used work models to capture the 
system processes and identify recurring breakdowns. Our analysis revealed the 
influence of setting and attendance on orientations, recurring challenges in presenting 
VR Studio orientation content, and the user experience implications of orientation data 
collection practices. Based on our analysis, we provided a series of practical 
recommendations, limited to options that are feasible to implement at low-cost. The 
desired outcome is a redesigned orientation and set of related processes that enable 
staff to better serve the library community: to make the library’s MR services more 
accessible, to make emerging technology less daunting for library users, and ultimately, 
to provide educational opportunities to users beginning to engage with this developing 
technology. 
The contextual design methodology was an effective approach to understanding 
the orientation systems and identifying areas in which the orientation could be improved. 
This was particularly valuable because we approached the VR Studio with little 
experience in mixed reality use or in technology instruction. The methodology allowed us 
to identify issues based on observed practice of staff work, even those that staff were 
not consciously aware of in their daily routines. Analysis and work models allowed us to 
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understand the orientation systems and the relationships between staff, processes, and 
the artifacts generated by these processes.
 We conducted interviews with a relatively small number of individuals, due to 
limitations on resources and the small population of accessible individuals with 
experience relevant to the line of inquiry. The qualitative data collected here is not 
sufficient for reporting findings that are statistically significant. This work is primarily 
driven to produce value to the stakeholders: the current staff and users of the space, and 
the potential future users of the space among the larger campus community. The scope 
of the work is also narrow enough that a small number of interviews was sufficient to 
quickly illuminate the structure of the existing practice. The findings presented are 
specific to the setting and may not be generalizable to other contexts.  
Broadly, libraries are ever more frequently taking on responsibility in supporting 
technology literacy in their communities. Emerging technologies generally, and mixed 
reality in particular, come with their own unique challenges. Potential VR Studio users 
form their first impressions of the library’s ability to support their interest in mixed reality 
from the moment they first inquire about the library’s VR offerings. This initial impression 
of the library’s service and the technology itself is critical in determining if users are to 
succeed in pursuing their educational objectives. As the technology continues to change 
and improve, so must library support of these programs continue to evolve.
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Appendix C: Sequence Model - Orientation Process 
 
Trigger: Orientation start time 
 
Intent: Educate the attendees on the applications of mixed reality, what users can do in 
VR Studio, and how to use the technology safely and effectively. Facilitate a period of 
free-play for attendees. 
  
Sub-Intent Actions 
Get users ready for 
orientation. 
These actions are unordered and may repeat until all users have 
signed in and found a place, or 5 minutes after the scheduled start 
time: 
• Let users know that orientation will start in 5 minutes. 
o Ask users about experience and interests 
• Manage attendance 
A. Point out sign-in iPad and attendance 
sheet 
B. Hand out attendance sheet 
• Ask users to take a seat 
Introduce presentation 
and set expectations. 
(slides 1-2) 
1. Presenter introduction and background 
2. Review structure of presentation and hands-on time 
Describe hardware 
available in VR Studio. 
(slides 3-6) 
 PlayStation VR mentioned, quickly dismissed as lesser. 
1. Oculus Rift description, mention workstations, front-facing 
sensors 
2. HTC Vive description, mention workstations, 360 sensors 
Magic Leap headsets are available but unmentioned 
Describe what users 
can do in the VR 
Studio. (slides 7-13) 
 Videos in this section require audio troubleshooting, disrupt the 
flow of the presentation, and show apps that no staff recommend. 
1. Creation tools highlighted for illustration and modeling 
2. Mention intersection with Makerspace and 3D printing 
3. Medium video, highlighting social component 
4. Describe Google Earth, Labster, Universe Sandbox 
o Google Earth VR, see sights, fly as a superhero 
o Universe Sandbox example 
5. Discuss Historical and Cultural usages as documentary 
experiences 
o Current campus event example 
6. Describe gaming and social VR 
7. Anyland video 
8. Development, mention Unity and Unreal 
o Game Development Club uses the space, contact 
them 
9. Tech Lending Program 
Explain how to reserve 
a workstation. (slides 
14-18) 
 Presentation of this material provides users with information 
they do not need to recall until a later date. 
1. Explain need to reserve a workstation 
2. Walk through slides showing clicks on the website 
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3. Mention that staff can show users how to make 
reservations 
Event hosting only referenced on slide, not spoken by 
presenter 
Discuss safe VR 
usage. (slides 19-26) 
 In transition to discussing app libraries, presenter is unsure of 
what to say or skips the Steam/Oculus Libraries content 
1. Steam and Oculus Libraries differences 
2. Discuss logging out from user accounts and not saving 
data on workstations 
3. Highlight major risks as Sickness, Collision, Tripping, and 
Dropping 
4. Discuss causes for sickness, effects vary by app, and the 
need for breaks 
  Some presenters fail to mention that motion sickness theory, 
that it usually diminishes with acclimation, and strategies like 
squatting to help reorient oneself. 
5. Discuss risk of collision, clearing the marked area 
o Zombie game story 
6. Mention tripping and tips for dealing with cables 
o Assassin’s Creed fall story 
7. Mention using straps to avoid damaging controllers 
o Getting fooled by virtual furniture story 
 Mental effects not mentioned with other safety concerns 
Advise users on 
headsets, controllers, 
and cleanliness (slides 
27-35) 
 Participants have difficulty using headset and controller despite 
the instruction provided. The information is therefore repeated 
during hands-on portion of orientation. 
1. Discuss how to wear the headset 
2. Mention how to adjust and clean lenses, and deal with 
glasses 
3. Highlight the Oculus and Vive controllers and their buttons 
4. Mention cleanliness practices 
5. Discuss negative mental effect. 
Mental effects mentioned here rather than with safety concerns. 
Transition orientation 
group to hands-on 
experience (slides 36-
40) 
These slides may be skipped by presenters, some of the apps 
are described earlier. 
1. Quick click through of Tilt Brush, Google Earth VR, and 
Job Simulator 
2. Point out waivers and mention the requirement for room 
reservation 
3. Leave presentation on slide about waivers 
Waivers are sometimes not completed 
Provide a quick, fun, 
and memorable VR 
experience 
   Each of these actions do not always occur at each station, but 
they 
   can be necessary more than once per station: 
1. Ask for interests 
2. Help with headset and controllers 
3. Guide initial application use 
• Troubleshoot experiences 
• Answer general questions 
• Cycle users through hands-on free-play time 
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Appendix D: Appendix D: Artifact Model - Waiver  
 
Usage: This form is completed by users sometime after the presentation segment of the 
orientation. Staff transcribe the information into SpaceAuth, which allows the user to 
reserve workstations in the VR Studio.  
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Appendix E: Artifact Model - Sign-in iPad  
 
Usage: Individuals entering the VR Studio are asked to sign in on an iPad to provide 
staff with usage data. 
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Appendix F: Artifact M
odel - Attendance Printout 
U
sage: Staff use this interface to enter new
 users in the SpaceAuth system
. 
This allow
s users to reserve w
orkstations and use the VR
 Studio. 
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Appendix G: Image of Suma VR Spaces Usage 
 
Usage: This web application is on an iPad in the foyer, near the entrance to the VR 
Studio. Staff log the types of activities performed in the space and the number of user 
interactions they assist with. The data is used for reporting activity levels in the space. 
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Appendix H
: Artifact M
odel – SpaceAuth R
egistration 
U
sage: Staff use this interface to enter new
 users in the SpaceAuth system
. This 
allow
s users to reserve w
orkstations and use the VR
 Studio. 
 
